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1
ELECTRONIC EQUIPMENT

FIELD OF THE INVENTION

The present invention relates to an electronic equipment,
and more particularly to a technology for cooling compo-
nents mounted in the electronic equipment.

BACKGROUND OF THE INVENTION

To ensure the stable operation of an electronic equipment
such as a communication equipment, 1t 1s necessary to fully
prevent components mounted in an electronic equipment
from being overheated. In order to prevent components
mounted 1n an electronic equipment from being overheated,
a conventional electronic equipment has a cooling fan to
supply a cooling air current into the electronic equipment.

However, high power consumption components, such as
an MPU or a memory, tend to be overheated when cooled
only by a cooling fan, as a result of which their operations
will fail. Therefore, to ensure the stable operation of an
clectronic equipment, using only a cooling fan 1s not suil-
cient for cooling components mounted in the electronic
equipment. To solve this problem, Patent Document 1 pro-
poses a configuration 1n which a window direction board
(also termed wind direction control boards) i1s provided
inside an electronic equipment in such a way the space 1n the
clectronic equipment 1s partitioned by the window direction
board and the air tlow path 1s controlled to allow the air
current to be supplied effectively to the high power con-
sumption component 1n the electronic equipment.

| Patent Document 1 |

Japanese Patent Kokai Publication No. JP-P2002-

2377692A

SUMMARY OF TH.

T

DISCLOSURE

One of the problems with the method disclosed in Patent
Document 1 1s that, as components are mounted in an
clectronic equipment more densely, the complicated air
current flow paths are required to cool high power consump-
tion components arranged in various locations 1n the elec-
tronic equipment. This requirement complicates the layout
of the wind direction boards and the components. In addi-
tion, when the components are mounted more densely and
some of the components interfere with other pars, the layout
becomes much more complicated.

Another problem 1s that a wind direction board of com-
plicated shape or a plurality of separate wind direction
boards of different shapes, 1 arranged 1n an electronic
equipment, require more man-hour in manufacturing and
arranging the wind direction boards. In addition, because
cach electronic equipment requires a dedicated wind direc-
tion board, the cost of the electronic equipment 1s increased.

In view of the foregoing, it 1s an object of the present
invention to provide simple-layout, low-cost electronic
equipment that sutliciently cools high power consumption
components.

The above and other object are attained by an electronic
equipment, 1n accordance with one aspect of the present
invention, comprising: a chassis;

at least one heating element provided 1n said chassis; and

a cooling fan for taking in air from an outside of said
chassis 1nto said chassis to supply an air current for cooling
said heating element;
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said electronic equipment further comprising a partition-
ing board, arranged between said cooling fan and said
heating element, for partitioning the inside of said chassis
into at least two subspaces, said partitioning board having an
opening at a position opposed to said heating element.

An electronic equipment according to another aspect of
the present invention comprises:

at least one component mounted 1n a chassis, said com-
ponent generating heat and requiring cooling during opera-
tion;

a cooling fan; and

a wind direction control board, arranged between said
cooling fan and said component, for partitioning an inside of
said chassis, said wind direction control board having an
opening opposed to said component, said wind direction
control board guiding an air current from said cooling fan to
said opening through which the air current 1s supplied to said
component.

Preferably, in the electronic equipment according to the
present invention, the wind direction control board, arranged
between said cooling fan and said component and protruding
into a downstream side of said cooling fan, collects the air
current supplied from said cooling fan and sends the col-
lected air current directionally from said opening to said
component.

Preferably, in the electronic equipment according to the
present mnvention, the wind direction control board 1s made
of a long rectangular flat plate, said wind direction control
board, when 1nstalled 1n said chassis, 1s bent so that said
wind direction control board protrudes mto a downstream
side of said cooling fan, and said opening 1s formed in a
convex region of said wind direction control board.

Preferably, in the electronic equipment according to the
present invention, the wind direction control board has at
least one fold so that the opening 1s located close to the
component and 1s opposed to the component.

The meritorious effects of the present invention are sum-
marized as follows.

According to the electronic equipment of the present
invention, when the electronic equipment 1s 1n operation, an
air current supplied from the cooling fan to the partitioning
board 1s sent from the opening, formed on the partitioning
board, to the front of the opening swiitly and directionally.
Therefore, the electronic equipment can efliciently supply
the air current to a heating element positioned opposed to the
opening and thus ethiciently cools the heating element.

Because an air current 1s sent from the opening direction-
ally, there 1s no need to partition the space along the tlow
path as in conventional electronic equipment and, 1 addi-
tion, a suflicient air current can be supplied to a heating
clement even 11 the partitioning board 1s provided away from
the heating element. Therefore, this structure simplifies the
configuration of the partitioning board and allows the par-
titioning board and the components to be laid out easily. This
structure also reduces the manufacturing cost of electronic
equipment.

In the present imnvention, the partitioning board, which 1s
flexible, can be bent into a curved form so that a region,
where the opening 1s formed 1s protruded 1nto the side of the
heating element. This structure simplifies the configuration
of the partitioning board and therefore enhances the etlect of
the present mnvention. It 1s also possible to bend the parti-
tioning board at an angle at one or more positions and to
make a part, where the opening 1s formed, plane. The
partitioning board with this configuration causes the air
current to make a detour so that the air current 1s applied
directly even to a component to which, because of other
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interfering components, the air current would not otherwise
be applied suiliciently. Therefore, the high power consump-
tion components can be cooled sufliciently.

In a preferred embodiment of the present invention, the
partitioning board 1s made of a resin material. This material
prevents a short circuit, which would be caused by a contact
between a component mounted 1n the electronic equipment
and the partitioning board, and ensures that the partitioning
board 1s electrically safe even if the installation density 1s
increased. Another advantage 1s that the resin material,
which has good tlexibility and plasticity, allows the parti-
tioming board to be bent into a curved form or at an angle
casily.

In the present invention, the cooling fan can be provided
inside the chassis or at least a component of 1t can be
provided outside the chassis. In the present invention, the
partitioning board preferably has notches for storing inter-
fering components or distribution cables 1n the electronic
equipment. This allows the partitioning board or the com-
ponents to be laid out more easily.

Still other objects and advantages of the present invention
will become readily apparent to those skilled in this art from
the following detailed description in conjunction with the
accompanying drawings wherein only the preferred embodi-
ments of the imnvention are shown and described, simply by
way of illustration of the best mode contemplated of carry-
ing out this imnvention. As will be realized, the invention 1s
capable of other and different embodiments, and 1ts several
details are capable of modifications 1 various obvious
respects, all without departing from the invention. Accord-
ingly, the drawing and description are to be regarded as
illustrative 1n nature, and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view showing an electronic
equipment according to a first embodiment of the present
invention with some components exploded.

FIG. 2 1s a top view showing the configuration of the
clectronic equipment according to the first embodiment of
the present ivention.

FIG. 3 1s a top view showing the configuration of the wind
direction control board shown in FIG. 1.

FIG. 4 1s a top view showing the configuration of elec-
tronic equipment according to a second embodiment of the
present mvention.

FIG. 5 15 a top view showing the configuration of the wind
direction control board shown in FIG. 4.

PREFERRED EMBODIMENTS OF TH.
INVENTION

(Ll

Embodiments of the present invention will be described
below more 1n detail with reference to the drawings. FIG. 1
1s a perspective view showing an electronic equipment
according to a first embodiment of the present invention,
illustrating some components in an expanded form. FIG. 2
1s a top view showing the assembled state. An electronic
equipment 10, comprises a chassis 11 that defines the
external form of the electronic equipment 10 and that 1s an
clectronic equipment package mounted on a shelf not shown
in parallel with other electronic equipment 1n the thickness
direction thereof; a first printed circuit board 12 fixed to the
chassis 11 with mounting screws 13; and a second printed
circuit board 16 arranged next to the first printed circuit

board 12.
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On one side 114 of the chassis 11, an intake 115 1s formed
by cutting a part of the side 11a. Two cooling fans 14a and
14b are arranged inside the intake 115 1n parallel to the side
11a. The cooling fans 14a and 145 can supply a cooling air
current to the first printed circuit board 12.

Shields 15a and 154, each made of a metal board, are
provided by the side of the intake 115. The shields 15q and
1556, the chassis 11, and the cases of the two cooling fans 144
and 146 form a closed space 24. The main units of the
cooling fans 14a and 145 have their air intakes opened 1n the
closed space 24 and have their air outlets opened toward a
wind direction control board 40 that 1s outside the closed
space 24. The shields 15a and 1556, which have L-shaped
cross sections, have the bottoms of the L-shaped compo-
nents fixed on the bottom of the chassis 11. The closed space
24 mentioned above allows external air to be taken eflec-
tively into the inside the electronic equipment 10.

A distribution cable 19 used as a power supply line of the
first printed circuit board 12 and a distribution cable 21 used
as a power supply line of the cooling fans 14a and 14b are
provided 1n an area in the electronic equipment 10 that 1s
separate from the closed space 24. The distribution cable 19
has a connector 194 on one end and a connector 196 on the
other. The connector 194 1s connected to a connector 20 on
the second printed circuit board 16, and the connector 1956
1s connected to a connector 35 on the first printed circuit
board 12. A distribution cable 21 has a connector 21a on one
end, and connectors 215 and 21¢ on the other branch ends.
The connector 21a 1s connected to a connector 22 on the
second printed circuit board 16, and the connectors 215 and
21c¢ are fixed on the shields 15aq and 1556 1 such a way that
their junctions are exposed in the closed space 24 at the
openings, not shown, formed on the shields 154 and 156b.

A cable fixing unit 15¢, a horseshoe-shaped unit formed
by bending a long metal plate, 1s fixed 1n the top portion of
the shueld 15q to allow space between 1tself and the shield
15a. The distribution cable 19 and the distribution cable 21

are lixed on the cable fixing unit 15¢ using a ring-shaped
fixing band 23.

Distribution cables 17 and 18 used as the power supply
lines of the cooling fans 14a and 145 are provided 1n the
closed space 24. One end of the distribution cables 17 and
18 1s connected to the cooling fans 14a and 145, respec-
tively. The other end 1s connected to the connectors 215 and
21c, respectively, via connectors 17a and 18a.

An MPU 31, a memory 32, an LLSI 33, a capacitor 34, the
connector 35, and other components are mounted on the first
printed circuit board 12. Of those components, the MPU 31
and the memory 32 are high power consumption compo-
nents that require suthicient cooling. For eflicient cooling, 1t
1s desirable that the high power consumption components be
arranged close to the cooling fans 14a and 14b. However,
because of restrictions on a mounting space ol the first
printed circuit board 12, the transmission waveform char-
acteristics and the like, those components are arranged
usually 1n the center of the first printed circuit board 12.

In the electronic equipment 10 according to the present
embodiment, the wind direction control board 40 1s provided
near the cooling fans 14a and 1456. Beginning {from regions
near the respective junctions of the shields 15q and 156 and
the cases of the cooling fans 14aq and 145, the wind direction
control board 40 1s flexibly bent to have a convex form
protruding into the outside of the closed space 24, that 1s,
protruding into a downstream side of the cooling fans 14a
and 14b. The wind direction control board 40 1s fixed at 1ts
both ends on the shields 154 and 15b. The wind direction
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control board 40 and the cases of the cooling fans 14a and
145 compose a partitioning board to form a closed space 45.

FIG. 3 1s a plan view of the window direction control
board. The wind direction control board 40, made of a highly
flexible, thin plastic board, has the shape of a long rectangle.
The wind direction control board 40 has a first screw hole
41a and a second screw hole 415 tformed on both ends, an
opening 42 formed 1n the center, a first notch 43a formed on
a side 40q that 1s on the side far from the first printed circuit
board 12, and a second notch 435 and a third notch 43¢
tormed on a side 405 that 1s the side near to the first printed
circuit board 12. The opening 42 1s divided into two by a
bridge 42a which 1s provided in order to maintain the
strength of the wind direction control board 40 near the
opening 42.

The opening 42 1s opposed to the MPU 31 and the
memory 32 when the wind direction control board 40 1s
fixed on the shuelds 15a and 15b. The opening 42 has a size
to allow the air to be supplied at an appropriate speed. The
first to third notches 43a, 435, and 43¢, provided where the
wind direction control board 40 intersects with cable fixing
unit 15¢, LSI 33, and capacitor 34 respectively, are large
enough to accommodate them.

When the electronic equipment 10 1s used, the air current
supplied from the cooling fans 14a and 145 to the closed
space 45 1s sent directionally and swiitly from the opening
42 to the front of the opening 42. This structure allows the
air current to be applied etliciently to the MPU 31 and the
memory 32, opposed to the opening 42, thus efliciently
cooling the MPU 31 and the memory 32.

Unlike the conventional electronic equipment, the elec-
tronic equipment according to the present embodiment does
not have airtlow paths therein for partitioning the space.
Instead, the electronic equipment according to the present
embodiment has a wind direction control board that has an
opening opposed to high power consumption components to
clliciently cool them. The wind direction control board also
has notches to avoid interference with other components on
the printed circuit board such as components and distribu-
tion cables. These features of the wind direction control
board allow the wind direction control board and compo-
nents to be easily laid out.

In the electronic equipment according to the present
embodiment, 1n which the wind direction control board 1s
made of plastic, the opening and notches can be formed
casily and therefore the wind direction control board can be
manufactured at a low cost. The wind direction control
board, 1f made of metal, tends to cause a short circuit as
components are mounted more densely. In constant, the
wind direction control board made of plastic 1n this embodi-
ment prevents a short circuit between the components.

FIG. 4 1s a diagram showing the configuration of an
clectronic equipment according to a second embodiment of
the present invention. An electronic equipment 36 according,
to the present embodiment 1s almost similar to the electronic
equipment 10 according to the first embodiment except the
configuration of a wind direction control board 46.

FIG. 5 shows the plan view of the wind direction control
board shown in FIG. 4. As shown 1n FIG. 5, the wind
direction control board 46 has a plurality of folds 47a, 475,
47¢c, 47d, and 47¢ that are formed along the shorter side. A
first opening 425 1s formed 1n a first face 48a that 1s put
between the folds 475 and 47 ¢, and a second opening 42c¢ 1s
formed 1n a second face 485 that 1s put between the folds 474
and 47e. The wind direction control board 46 has not a third
notch 43¢. The wind direction control board 46 according to
the present embodiment has a configuration similar to that of
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the wind direction control board 40 according to the first
embodiment except the folds and the third notch described
above.

Returning to FIG. 4, the wind direction control board 46
are bent at the plurality of folds 47a, 47b, 47¢, 47d, and 47¢
with predetermine angles respectively. The first face 48aq and
the second face 485 are located close to, and opposed to, the
MPU 31 and the memory 32, respectively. As in the first
embodiment, one end of the wind direction control board 46
1s {ixed on a shield 15a with the other end fixed on a side 11c¢
of the chassis 11. The wind direction control board 40, the
cases of the cooling fans 14aq and 145, and the shield 155
configure partitioning boards to form a closed space 45.

In the electronic equipment 36, the wind direction control
board 46 with the shape described above causes some of the
air current to be supplied from the first opening 4256 to the
MPU 31 located 1n front of the opening. Some other air
current makes a detour toward the memory 32 to supply the
air current from the second opening 42¢, formed near the
memory 32, to the memory 32 located in front of that
opening.

With the electronic equipment according to the present
embodiment, the wind direction control board has a plurality
of folds and 1s bent so that the openings are located near, and
opposed to, the high power consumption components. This
structure enables the air current to be made detour so that the
air current 1s applied directly even to a component to which,
because of other interfering components, the air current
would not otherwise be applied sufliciently. Therefore, the
high power consumption components can be cooled sufli-
ciently.

According to the present invention, the wind direction
control board can be not only a plastic board as described 1n
the embodiments but also a metal board. To fasten the wind
direction control board, not only screws but also various
methods such as rivets, adhesive, and welding may be used
depending upon the material of the wind direction control
board. The cooling fans need not always be installed inside
clectronic equipment but may be installed outside the intake
independently of the electronic equipment.

Although the present mnvention has been described with
reference to the embodiments thereof, 1t 1s to be understood
that the electronic equipment of the present invention 1s not
limited to the configurations described above but electronic
equipment configured by modifying or changing the above
embodiments 1s also included in the scope of the present
invention.

It should be noted that other objects, features and aspects
of the present invention will become apparent in the entire
disclosure and that modifications may be done without
departing the gist and scope of the present invention as
disclosed herein and claimed as appended herewith.

Also 1t should be noted that any combination of the
disclosed and/or claimed elements, matters and/or items
may fall under the modifications aforementioned.

What i1s claimed 1s:

1. An electronic equipment comprising;:

a chassis;

at least one heating element provided 1n said chassis;

a cooling fan for taking in air from an outside of said
chassis 1nto said chassis to supply an air current for
cooling said heating element; and

a partitioning board, arranged between said cooling fan
and said heating element, said partitioning board hav-
ing an opening at a position opposed to said heating
element,
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wherein said partitioning board 1s formed to have a part,
in which said opening 1s formed, protruding toward
said heating element to guide an air current from said
cooling fan to said opening through which the air
current 1s supplied to said heating element.

2. The electronic equipment according to claim 1, wherein
said partitioning board, which 1s flexible, 1s bent and curved
such that the part, in which said opening i1s formed, 1s a
convex part.

3. The electronic equipment according to claim 1, wherein
said partitioning board 1s formed such that the part, in which
said opening 1s formed, 1s flat.

4. The electronic equipment according to claim 1, wherein
said partitioning board 1s made of a resin material.

5. The electronic equipment according to claim 1, wherein
said cooling fan 1s provided inside said chassis.

6. The electronic equipment according to claim 1, wherein
said cooling fan 1s provided outside said chassis.

7. The electronic equipment according to claim 1, wherein
said heating element 1s a component mounted 1n said chassis
and generating heat during operation.

8. An electronic equipment comprising:

at least one component mounted 1n a chassis, said com-

ponent generating heat and requiring cooling during
operation;

a cooling fan; and

a wind direction control board, arranged between said

cooling fan and said component, said wind direction
control board having an opening opposed to said com-
ponent, said wind direction control board 1s formed to
have a part, 1n which said opening 1s formed, protrud-
ing toward said component for guiding an air current
from said cooling fan to said opeming through which
the air current 1s supplied to said component.
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9. The electronic equipment according to claim 8, wherein
said wind direction control board 1s made of a long rectan-
gular flat plate, and said wind direction control board, when
installed 1n said chassis, 1s bent such that the part, 1n which
said opening 1s formed, 1s a convex part.

10. The celectronic equipment according to claim 9,
wherein one or both ends of a longitudinal direction of said
wind direction control board are attached on associated
shields which are fixed to said chassis near said cooling fan.

11. The electronmic equipment according to claim 9,
wherein said wind direction control board has at least one
notch on a side facing a circuit board.

12. The ce¢lectronic equipment according to claim 9,
wherein the opening of said wind direction control board 1s
divided by a bridge.

13. The celectronic equipment according to claim 8,
wherein said wind direction control board has at least one
fold so that said opeming 1s located close to said component
and 1s opposed to said component.

14. The electronic equipment according to claim 13,
wherein said wind direction control board 1s bent to allow an
air current to be applied directly to said component via said
opening.

15. The electronic equipment according to claim 13,
wherein one end of said wind direction control board 1s fixed
to a side wall of said chassis.

16. The electronic equipment according to claim 8,
wherein said wind direction control board 1s made of resin.

17. The celectronic equipment according to claim 8,
wherein said wind direction control board 1s made of a metal
plate.
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